A green and operationally simple approach domino reaction has been developed for the synthesis of 2-amino-3-cyano-4H-chromene derivatives from aromatic aldehydes, resorcinol and malononitrile in aqueous medium. This work represents the first example o f catalyst free and organic solvents free multi-component reactions for the synthesis of pharmaceutically important chromene derivatives. The structures of the synthesized compounds were confirmed by 1 H NMR, 13 C NMR, IR, Mass and single crystal XRD.
INTRODUCTION
Chromene (benzopyran) is a heterocyclic ring system in which a benzene ring and a pyran ring are fused together. The chromene nucleus containing natural alkaloids are anthocyanins, tocopherols and flavonoids. Moreover, a variety of natural and synthetic chromene derivatives has an important biological and pharmacological applications, such as antimicrobial, [1] anti-inflammatory, [2] antiproliferative, [3] antioxidant, [4] herbicidal, analgesic and anticonvulsant, [5] antitubercular, [6] anticoagulant, estrogenic antispasmolytic, estrogenic, [7] TNF-α inhibitor effects and activities, [8] as well as inhibitor of diabetes-induced vascular dysfunction. [9] Moreover 7-Hydroxy-6-methoxy-4H-chromene A (Fig. 1) is an example of naturally occurring 4H-chromene, which was obtained from the flowers of Wisteria sinensis and is one of their fragrance components. [10] Among different types of chromene systems, 2-amino-4H-chromenes have been reported to exhibit highly useful proapoptotic properties for the treatment of a wide range of cancer ailments. [11] In cancer chemotherapy, 2-amino-4H-chromene B was marked for drug development due to its high inhibition of tumorassociated Bcl-2 proteins. [12] A modified 4H-chromene structure C was able to induce apoptosis (programmed cell death) in several cancer cell lines. [13] 
Figure 1: Structure of some biologically important 2-amino-3-cyano-4H-chromenes
The biological records of these privileged motifs prompted us to develop an atom-economical, one pot, mild and greener method for the synthesis of chromene derivatives. Many synthetic procedures have appeared in the literature for the synthesis of 2-amino-7-hydroxy-4-phenyl-4H-chromene-3carbonitrile; these generally utilize the homogeneous, heterogeneous catalysts and acid/base mediated harsh reaction conditions. Therefore, a new synthetic route associated with environmentally friendly reaction condition is highly desirable. One of the most important progresses to combine economic aspects with the environmental concerns is the use of green protocol techniques which has provided simple and efficient synthetic methods of great promise. The elimination of toxic organic solvent in the reaction medium, shorter reaction time, straightforward work-up, and providing good to excellent yields with stoichiometric amounts of reactants are apparent advantages that distinguish the green chemical methods from others techniques such as microwave or ultrasound irradiation. [14, 15] In the present work, we describe the synthesis of 2-amino-7-hydroxy-4-phenyl-4H-chromene-3carbonitrile derivatives via multi-component domino reaction in aqueous medium using aromatic aldehyde, resorcinol and malononitrile.
RESULTS AND DISCUSSION
Initially, multicomponent domino reaction of malononitrile, aryl aldehyde and resorcinol was chosen as the model reaction. The effect of various reaction parameters such as the influence of solvent, formation of hydrogen bond and the effect of temperature were studied to optimize the reaction conditions ( Table 1 ). It is important to note that K2CO3 and Na2CO3 with a molar ratio of 0.1 was found to be the catalyst for the three component reaction of malanonitrile, aryl aldehyde and resorcinol affording a considerable yield of the desired product. Moreover in the absence of catalyst a significant product formation was observed under reflux condition ( Table 1 , entry 14).
The solvent temperature plays an important role in the reactivity (Table 1) . We have investigated the effect of various protic, aprotic and non-polar solvents on the three component reaction of resorcinol, aryl aldehyde and malononitrile ( Table 1 , entry 1-14). In non-polar solvents such as 1,4-dioxane and Toluene, the yield of the reaction was found to be very low (10-20%) ( Table 1, entry 5,6,11,12) . Whereas in the case of polar aprotic solvents such as THF, acetonitrile, the yield of the reaction was found to be low (8-15%) ( Table 1, polar protic solvents such as ethanol and methanol (Table 1 , entry 1,2,7,8), the yield of the desired product was considerable (50-65%). Further increase in the reaction temperature to reflux makes the reaction almost quantitative ( Table 1, entry 14) . From Table 1 , it is clear that water was the best choice as solvent.
We examined the substrate scope of substituted benzaldehydes (1a-1l) under optimized reaction condition for the synthesis of chromene derivatives (4a-4l). All the electron donating and electron withdrawing aldehydes are compatible with optimized reaction condition afforded the excellent yield 80-93%. The benzopyran ring of the compound 4k, C16H11N2O2Cl, is planar [maximum deviation = 0.079 (2) Å] and the chlorophenyl ring is also in planar conformation. The benzopyran derivative is almost perpendicular to the chlorophenyl ring [dihedral angle = 86.85 (6)°]. The ORTEP plot of the molecule is shown in Fig.3 . The chlorophenyl substituted benzopyran compound crystallise in monoclinic P2 1/c space group. In the structure, the benzopyran and chlorophenyl rings are planar. The benzopyran ring makes a dihedral angle of 86.85 (6)° with the chlorophenyl ring and confirms the fact that the two moieties are in axial orientation. The chlorophenyl moiety is also planar with the maximum deviation noted for atom CL12 as −0.040 (1) Å. The orientation of the benzopyran and chlorophenyl rings also confirmed from the torsion angle values of [C3-C4-C11-C12=] 76.5 (2)° & [C3-C4-C11-C16=] −100.4 (2)°, respectively. In the benzopyran moiety, the attached carbonitrile, amino and hydroxy groups lie in a same plane, with the maximum deviation of atom N2[−0.053 (2) Å]. The sum of the bond angles around atom N1 of the pyran ring is in accordance with sp 2 hybridization state [360º].
Figure 3: ORTEP diagram of 4k

Experimental
All the chemicals used were purchased from Merck AnalaR grade and purified wherever necessary using the standard purification method. The purity of compounds were checked by TLC using silica gel-G plate and visualized by iodine vapours. The melting points were recorded in open capillary tube and uncorrected. The FT-IR spectra were recorded in SHIMADZU FT-IR Affinity-I spectrometer using KBr pellets and Perkinealmer . The 1 H-NMR and 13 C-NMR spectra were obtained in DMSO-d6 on BRUKER 300 MHZ and 500MHZ instrument with TMS as an internal standard and the chemical shift values are presented in ppm. The mass spectra were taken on SHIMADZU GC-MS QP 2010 spectrometer operating at an ionization potential of 70ev.
General experimental procedure for the Synthesis of 2amino-7-hydroxy-4-phenyl-4H-chromene-3-carbonitrile
To a stirred solution of substituted benzaldehyde (0.05 mol) in water was added resorcinol (0.05 mol) and malononitrile (0.05 mol) at room temperature and reflexed for 15 -20 minutes. The progress of the reaction was monitored by thin layer chromatography using silica gel-G plates. The reaction mixture was cooled and allowed to 30 minutes. The precipitated solid was filtered at suction pump. The crude solid obtained was recrystalized by methanol.
2-Amino-7-hydroxy-4-phenyl-4H-chromene-3carbonitrile 4a
IR: ( 
CONCLUSION
In this work, cascade reaction has been carried out for the synthesis of 2-amino-3-cyanobenzopyrans 4k from malononitrile, aryl aldehyde and resorcinol in methanol, ethanol, acetone and water solvents using K2CO3 or Na2CO3 as base. Nevertheless, the use of water was successful for this reaction. Under the found conditions, the high yield for the products were achieved at short reaction time in aqueous medium. The structure of the products were confirmed by IR, 1 H, 13 C NMR spectra and X-ray diffraction study.
